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REVIEW

Problems in the biological
monitoring of chromium(VIl) exposed

individuals
Andreas Kortenkamp

The usefulness of currently available techniques for the
biological monitoring of chromium(VI) exposed individuals is
reviewed. Chromium levels in body fluids, such as urine and
blood plasma, are reliable markers of exposure to chromium
in oxidation states (VI) and (lll) and provide a measure of the
internalized dose of chromium. These markers are sufficiently
sensitive to be useful in most occupational settings
encountered today. In contrast, the majority of cytogenetic
surveillance studies among chromium platers, ferrochromium
workers and stainless steel welders using the manual metal
arc (MMA) method have yielded negative or inconclusive
results. As a marker for genotoxicity, the number of sister
chromatid exchanges in blood lymphocytes proved to be
relatively insensitive towards exposure to chromium(VI). There
were however significant increases in rare chromosome
>\aberrations among MMA stainless steel welders, although the
‘geported levels of all aberrations combined were similar to
&hose observed among control groups of many other studies.

The relative lack of success of cytogenetic surveillance

%tudies using blood lymphocytes is surprising in view of the
gtrong genotoxicity of chromium(VI). A possible explanation
HYeomes from recent studies which showed that the differences
in chromium lymphocyte levels between exposed and controls
were disproportionately small. Another factor which
complicates attempts to correlate genotoxic effects in
lymphocytes with the processes giving rise to cancers of the
respiratory system is the toxicokinetics of inhaled
chromium(VI). Only small fractions of the total inhaled dose
are distributed in the body while the bulk of chromium(VI)
deposited in the lungs remains there for very long periods of
time. The vast majority of lymphocytes will therefore come
into contact with chromium(VI) not while travelling through the
supporting tissues of the lungs but during their migration
through the blood. There they take up chromium(VI) that has
leached from the lungs. Blood lymphocytes therefore seem to
be inappropriate for the monitoring of the biologically
effective dose, and of early biological effects arising from
exposure to chromium(VI). Thus there is an urgent need to
develop techniques which would allow the non-invasive
monitoring of internalized doses of chromium in the lung.
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Introduction

Exposure to chromium(VI) compounds by inhalation is of
concern in a variety of industries including the primary
production of chromates, chromium plating, chromate
pigment manufacture and the welding of the stainless
steel. Stainless steel welding, and in particular the manual
metal arc (MMA) welding method, may well be the most
common source of occupational exposure to chromium(VI),
given the fact that there are millions of stainless steel
welders worldwide (NIOSH 1977, IARC 1990). With many
of the potentially hazardous workplaces identified, the
major concern today is to establish a relationship between
exposure and cancer risks and to define safe levels of
exposure on a sound toxicological basis. In this context,
the biological monitoring of exposed individuals is of great
importance. During the last decade, a number of surveillance
techniques have been developed which allow the
monitoring of internal exposure to chromium(VI) by
analysing body fluids, e.g. blood, plasma, and urine. The
monitoring of the possible genotoxic effects of chromium(VI)
was carried out by assessing chromosomal aberrations,
sister-chromatid exchanges (SCEs) and DNA damage in
easily accessible tissue, usually blood lymphocytes. Whilst
exposure to chromium(VI) at levels well below 50 pg m™*
(the occupational exposure limit in a number of countries)
can be reliably verified by determining chromium
concentrations in urine or plasma, opinions are divided

as to the usefulness of cytogenetic surveillance techniques.
How effective are currently available biological
monitoring techniques for the screening of internal
exposure to chromium(VI) and for the assessment of
genotoxic effects?

In the biomonitoring of chemical carcinogens it is useful
to distinguish between the monitoring of an internalized
dose, a biologically effective dose, and an early biological
effect (Wogan 1992). The level of carcinogens and their
metabolites in body fluids can be regarded as a measure of
the internalized carcinogen dose. Although useful in
confirming that exposure has indeed occurred, measures
of an internalized dose per se do not give any indications
of the potential cancer risks involved. More closely related
to cancer risks are measures of the biologically effective
dose, e.g. the level of DNA damage or DNA adduct formation
in certain tissues. Genetic alterations such as chromosome
aberrations, SCEs and gene mutations are early biological
effects in carcinogenesis. The monitoring of these markers
is carried out using nucleated cells in easily accessible
tissue, usually blood lymphocytes. The evaluation of
genetic effects in peripheral blood lymphocytes is based on
the assumption that these cells are valid surrogates for the
changes taking place in tissues where neoplasms may
eventually develop. However, many other cells of the body
show DNA damage and even cytogenetic effects as a result
of interactions with carcinogenic chemicals, yet never
develop into cancer cells.
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Monitoring internal exposure to
chromium(VI): the analysis of chromium
levels in body fluids

A number of investigations have helped to establish the
relationship between airborne chromium and the levels of
chromium in blood, plasma and urine (Gylseth et al. 1977,
Tola et al. 1977, Mutti et al. 1979, Fleischer and Schaller 1980,
Kalliomakiet al. 1981, Lewalter et al. 1985, Angerer et al.
1987). Urinary chromium can be regarded as a reliable marker
of internal chromium exposure, and is sufficiently sensitive
for biological monitoring at exposure levels well below the
occupational limits in a number of industrialized countries.
Table 1 summarizes the urinary chromium levels observed in
selected studies of occupationally exposed and non-exposed
individuals as well as diabetics and beer drinkers.

On the basis of urinary chromium alone it is not possible to
distinguish whether exposure to chromium(VI) or
chromium(III) has occurred. Only chromium in erythrocytes is
diagnostic for internal exposure to chromium(VI). This is
because the chromate anion, unlike chromium(III) complexes,
is able to cross cell membranes of red blood cells via anion
carrier proteins (Gray and Sterling 1950, Kortenkamp et al.
1987). However, using this technique the advantage of

~diagnostic specificity is achieved at the expense of diagnostic

Sensitivity. In a study among stainless steel welders airborne
§:hromium(Vl) at levels of around 100 pug m > did not give rise to
levated concentrations in the red blood cells of about 50% of
ghe exposed workers (Angerer ez al. 1987). Chromium levels in

[oX . .
splasma and urine were increased at much lower exposures. The
L

measurement of chromium in plasma therefore opens the
possibility for monitoring a wider range of exposure levels
likely to be encountered in occupational settings, albeit at the
expense of diagnostic specificity for exposure to chromium(VI).
Because of its sensitivity and convenience of use, the
determination of chromium in urine is by far the most widely
used method for the monitoring of internal chromium exposure.
However, urinary chromium levels are affected by variations in
renal function. These can be corrected for by relating urinary
chromium concentrations to the amount of creatinine present in

Mean Cr(VI) Mean urinary
in air (ug m) Group Cr (ug g! creatinine) Reference
13.8 SS, smokers 14.2 Strindsklev et al. 1993
13.5 SS, non-smokers 5.3
na SS, smokers 16 Kallionméki et al. 1981
na SS, non-smokers 8.7
1-55 Cr(VI) production 6 Gao et al. 1994
0 Non-exposed 0.76
0 Diabetics 1.38 Bukowski et al. 1991
Referents 0.58
0 Beer drinkers 0.67
Referents 0.49

Table 1. Urinary chromium levels among occupationally exposed and non-
exposed individuals.

Key: na, not analysed; SS, stainless steel welders (MMA).

A. Kortenkamp

the urine (Araki and Aono 1989). The correlations between
urinary and plasma chromium levels are excellent, so that one
monitoring method can conveniently be substituted for the other
(Angerer et al. 1987, Strindsklev et al. 1993).

A factor which has to be taken into consideration during the
design of monitoring programmes is that smokers usually show
higher urinary chromium levels than non-smokers (Kalliomaki
etal 1981, Strindsklev ez al. 1993) (Table 1). Bukowski et al.
(1991) have conducted a study aimed at establishing further
variables which might confound urinary chromium levels. They
observed that lack of exercise, drinking beer and diabetes all
lead to slightly elevated urinary chromium levels. Erythrocyte
chromium levels were not affected by either of these factors.

Chromium(VI) effect monitoring: human
cytogenetic surveillance studies using
blood lymphocytes

The majority of cytogenetic surveillance studies analysing
chromosome aberrations and SCEs in lymphocytes of
chromium(VI) exposed workers carried out in the 1980s and
1990s provide detailed information on measures of external and
internal exposure to chromium. It is therefore possible to
evaluate the relative sensitivity of markers of early biological
effects and of markers of internal exposure. Chromium(VI) effect
monitoring has focused on chromium platers, ferrochromium
steel production workers and stainless steel welders.

Studies among chromium platers and ferrochromium

steel production workers

Chromium platers are exposed to mists of chromium(VI)
trioxide which are generated during electrolysis in plating baths
containing chromium trioxide, sulphuric acid and various
organic additives. The mists are formed when bubbles of oxygen
and hydrogen arise from the electrodes and burst at the liquid
surface of the plating bath. The use of surfactants or floating
balls, combined with local exhausts, can substantially lower
exposure to chromium(VI) trioxide. One step in the production
of ferrochromium steel involves the electrothermal reduction of
chromite ore with coke in furnaces. Workers near these furnaces
are exposed to fumes containing chromium(VI) trioxide.

A compilation of cytogenetic studies among chromium
platers and ferrochromium workers is shown in Table 2. In
most of these studies urinary chromium was chosen as the
marker of internal exposure. In order to enable comparisons to
be made between studies, the levels of urinary chromium were
expressed in relation to urinary creatinine; where necessary,
conversions were made assuming 1.5 mg creatinine 17

An interesting trend in Table 2 is the absence of marked
differences in the numbers of chromosome aberrations or SCEs
between exposed and control. The majority of the studies failed
to demonstrate any statistically significant increases. The
elevated SCE frequencies seen by Sarto et al. (1982) among hard
platers remained apparent only in younger workers, when the
data were analysed by age. There was a correlation between

SCE frequency and both age and urinarv chraminm lavale with
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Chromosome
aberrations
Level and Internal
duration Ab+ exposure
Study of gaps SCE/ (urinary Cr, Author's
population exposure Group N (%) cell ug g crea) conclusion Reference
Platers na, 6 years Exp 21 2.8 8.08 7-11 Positive Sarto et al. 1982
EC 35 1.7 6.6 2

Platers na, Exp 24 na 9 8.7 Negative Nagaya 1986

0.5-30 years MC 24 na 8.9
Platers 27 pg 3 Expl 7 na 6.9 16 Positive Choi et al. 1987

8ugm3 Expll 25 na 5.4 10.1

0 MC 15 na 3.6 na
Ferrochromium na Exp 14 4.29 na na Negative Sbrana et al. 1990
workers MC 14 2.81
Platers na Exp 12 4.29 7.8 179 Negative Nagaya et al. 1991

Table 2. Cytogenetic surveillance studies among chromium platers and ferrochromium workers.

Key: N, number of subjects; Ab, aberrations; na, not analysed; crea, creatinine; Exp, exposed; EC, external controls; MC, matched controls.

higher frequencies occurring in young workers with high
internal exposure to chromium. The significant increase in the
number of chromosome aberrations in hard platers was only
poorly correlated with urinary chromium levels. Choi et al.

>$1987) found elevated SCE frequencies in their groups of platers
c

nd chromium surface treatment workers, however the number

%f SCEs in their group of exposed workers was frequently

bserved in unexposed controls of many other cytogenetic
Gurveillance studies. Ashby and Richardson (1985) reported the
Emean value of SCEs in control populations of 47 cytogenetic
studies as 8.12+1.82 per cell, well above the level of 6.9+1.8
observed among platers or 3.6+1.5 among controls in Choi’s
study. Exposure to chromium was readily detected as elevated
urinary chromium levels in all of the studies.

Studies of stainless steel welders (manual metal arc
method)

Of the three methods of stainless steel welding, manual metal
arc (MMA), metal inert gas (MIG) and tungsten inert gas (TIG),
the MM A method produces welding fumes containing the
largest amounts of chromium(VI). The total fume
concentration in the breathing zone of MM A welders may be
as high as 100 mg m~3, with the level of chromium(VI) reaching
4 mg m’in extreme cases (Kalliomiki et al. 1981).

The results of the cytogenetic studies among MMA welders
(Table 3) confirm some of the trends which became apparent in
the plating studies. Again, urinary chromium proved to be a
reliable marker of internal exposure even at relatively low
levels of airborne chromium(VI). However, the frequency of
SCEs in welders was surprisingly insensitive to chromium(VI)
exposure at these levels. An increase in the number of SCEs
was not observed in any of the studies except that of Koshiet
al. (1984). The elevated frequency of SCEs reported by this
group became detectable only after the outcome of three
separate surveys had been pooled. In contrast, all the reports
published after 1990 showed a tendency for SCEs to be slightly
lower in MM A stainless steel welders than in unexposed

controls. This effect seems to be obscured by smoking (see the
data by Husgafvel-Purisainen ez al. 1982), but is quite
prominent among non-smokers (Popp et al. 1991, Knudsen et
al. 1992, Jelmert et al. 1994), and in the study by Popp et al.
(1991), even among smokers.

A slightly different picture emerges when chromosome
aberrations are considered. While Husgafvel-Purisainen et al.
(1982) and Littorin et al. (1983) failed to observe any
significant changes in the number of aberrations, elevated
frequencies were seen by Koshier al. (1984), Knudsen et al.
(1992) and Jelmert et al. (1994). Considering that small
differences in effect require larger sample sizes to demonstrate
statistical significance, the failure by Husgafvel-Purisainen et
al. (1982) and Littorin et al. (1983) to detect aberrations is
likely to be due to the relatively small study populations.

It is alarming that Koshiet al. (1984) and Knudsen et al.
(1992) observed a statistically significant increase of rare
aberrations such as dicentric chromosomes, translocations,
minutes and rings among MMA welders. Knudsen ez al. (1992)
reported that these effects were only detected among non-
smokers. In discussing this phenomenon, Knudsen ez al. (1992)
emphasized that these are severe genetic effects which require
two independent damaging events to be expressed. A similar
trend can be seen in the data for non-smoking MMA welders
presented by Jelmert e al. (1994). The effects observed in the
last two studies would have remained undetected had the study
populations not been stratified according to smoking status.

The results of these investigations clearly force the
conclusion that there is evidence for genotoxic effects among
stainless steel welders using the MM A method. It is however
important to evaluate these data in the context of other
cytogenetic surveillance studies. The frequencies of
aberrations detected among welders are similar to those
observed in unexposed controls of many studies, which is
about 1.42+0.96% of aberrant cells (excluding gaps) (Ashby
and Richardson 1985). In view of the strong genotoxicity of

1 ONN 24 16 arvrvsmnininoe thaot +hha
chromium(VI) compounds (IARC 19n TIER O
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Chromosome aberrations

Level and Internal exposure
Study duration of Ab + gaps SCE/ (urinary Cr, Author’s
population exposure Group N (%) cell ug gt crea) conclusion Reference
SS, MMA 55 ng m3, Exp 24 4.1 11 20.8 Negative Littorin et al. 1983
19years EC 24 4.6 12 0.66
SS, MMA na Exp, s 9 31 10.8 6.7-51 Negative Husgafvel-Purisainen et al. 1982
MC, s 10 1.9 10.5 na
Exp, ns 12 1.7 8.2 6.7-51
Mc, ns 9 2.4 89 na
SS, MMA na Exp 97 4.7 8.8 6.5 Positive Koshi et al. 1984
and MIG na IC 33 3.2 8.11 2.73
Ab excluding
Group N gaps (%)
SS, MMA na, 8 years Exp, s 17 na 6.61 189 Negative Popp et al. 1991
and MIG IC, s 7 na 7.34 na
Exp, ns 22 na 5.93 18.9
IC, ns 11 na 6.57 na
SS, MMA 4.9+11.8 Exp, s 32 2.25 7.7 2.08 Positive for Abinns, Knudsen et al. 1992
and TIG pugms3 MC, s 50 1.85 8.1 0.35 negative for SCE
Exp, ns 28 2.38 6.7 2.08
MC, ns 25 1.10 7.4 0.35
Chromatid
Group N break (%)
_Z'SS, MMA 34.7 ug m3, Exp, s 22 1.4 6.4 11.1 Positive for Jelmert et al. 1994
; range 0.6~ MC, s 20 1.1 6.6 na chromatid breaks
5 252 ug m3, EC, s 46 0.9 6.9 na inns,
T 0-20years Exp, ns 20 15 5.8 11.1 negative for SCE
@ MC, ns 20 0.7 55 na
. EC, ns 48 0.7 5.7 na
LI=

Table 3. Cytogenetic surveillance studies among stainless steel welders using the manual metal arc method.

Key: N, number of subjects: Ab, aberrations; SS, stainless steel welders; MMA, manual metal arc method: MIG, metal inert gas method; na, not analysed; sd, standard
deviation; crea, creatinine; Exp, exposed; IC, internal controls; MC, matched controls; s, smokers; ns, non smokers. Statistically significant differences are in bold.

effect markers in cytogenetic surveillance studies responded
so weakly. This could be due to low levels of exposure with
genotoxic effects too small to be detectable among study
populations of up to 60 exposed individuals. Alternatively, are
blood lymphocytes inappropriate as a surrogate tissue for the
monitoring of genetic effects of chromium(VI) in humans?

Monitoring the biologically effective dose
of chromium: DNA damage in blood
lymphocytes

The few studies undertaken so far to monitor DNA damage in
the blood lymphocytes of chromium(VI) exposed workers do
provide an answer as to why cytogenetic markers respond so
weakly to chromium(VI) exposure (Table 4).

As part of the cytogenetic surveillance study discussed
earlier, Popp et al. (1991) have analysed the DNA from blood
lymphocytes of stainless steel welders using filter elution
techniques. The samples from welders showed reduced
elution rates which the authors interpreted as being indicative
of DNA-protein cross-links (DPC). Zhitkovich et al. (1996)
have employed a potassium-SDS precipitation assay which

provides more direct evidence for the existence of DPC. In a
study of Bulgarian chromium platers they failed to observe
significant differences in the DPC levels of blood lymphocyte
DNA relative to controls not engaged in plating. Nevertheless,
the levels of chromium in erythrocytes and urine of the platers
confirmed that exposure to chromium(VI) had occurred.

Gaoetal (1994) have assessed oxidative DNA damage by
monitoring the number of single strand breaks and modified
DNA bases (8-hydroxydeoxyguanosine) in lymphocyte DNA
from chromium(VI) production workers. There was no
evidence for increased levels of oxidative DNA damage,
although the workers’ exposure to chromium could be verified
using markers of internal exposure.

The studies by Gao et al. (1994) and Zhitkovitch et al.
(1996) are particularly instructive because determinations of the
chromium levels in blood lymphocytes were undertaken
simultaneously with the measurement of DNA damage. The
striking observation in both cases is that the differences in
lymphocyte chromium levels between exposed and controls
were not very pronounced, when at the same time all the
other measures of internal exposure were markedly elevated
in relation to controls. The absence of any pronounced
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DNA damage
Level and
Study duration of Type of Level of Author's
population exposure Group N damage damage Internal exposure conclusion Reference
SS, MMA na, 8 years Exp 39 DPC 0.78* U189 ugglcrea Positive Popp et al. 1991
and MIG IC 18 DPC 0.89* na
Chromium 1-55 Exp 10 SSB 59% breaks U597 ugg'crea Negative Gao et al. 1994
V) pgms 80HdG 0.037 P28uglt
production 15 years 8-0HdG/dG WB5.5ugl!
workers L 1.01 ug/10%° cells
IC 10 SSB 50% breaks U0.76 ug g’ crea
8-0HdG 0.041 P0.65 ug It
8-0HdG/dG WB0.73 g I*
L 0.76 ng/10' cells
Platers 0.5-130 Exp 14 DPC 1.53+ U9uggtcrea Negative Zhitkovich et al. 1996
pgms3 (%) 0.33 Ery 22.8 ug !
L 1.16 ng/10" cells
8-0HdG 1.45+ UlOuggtlcrea
0.43 Ery 25 uglt

L 0.64 ug/10" cells

.8 Table 4. DNA damage in blood lymphocytes of chromium-exposed workers.

ifferences in the lymphocyte chromium levels of exposed

e oly

nd controls, whatever the reason, could well be the factor which
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Chromium levels in the lungs of
chromium-exposed workers and of
control populations

Another impeding factor in studies using blood lymphocytes is
the toxicokinetics of inhaled chromium(VI). Post-mortem
analyses of lung tissue obtained from chromium workers who
died of lung cancer have established that chromium(VI)
containing particles, once inhaled, stay in the lung for decades
(Hyodo et al. 1980, Tsuneta et al. 1980). Even long after
cessation of exposure most of the chromium is found in the

Biomarkers Downloaded from informahealthcare.

respiratory tact whilst only small amounts reach liver and
kidneys via the bloodstream.

From analyses of the organs of lung cancer patients with a
history of employment in chromium(VI) production (Kishi et
al. 1987), the amount of chromium residing in the lungs can be
estimated as 30-70 mg, whereas the amounts found in livers
and kidneys were 3.8 mg and 0.8 mg, respectively. In
comparison, the lungs, livers and kidneys of deceased with
no occupational chromium exposure contained 0.08-1.2 mg,
or 0.3 mg and 0.07 mg, respectively. The lung chromium levels
reported by Raithel et al. (1993) for stainless steel welders
were lower than those found in chromium(VI) production
workers (Table 5). Even so, the lungs of stainless steel welders
showed concentrations of chromium 10-30 times higher than
in unexposed individuals.

Key: N, number of subjects; na, not analysed; Exp, exposed; IC, internal controls; EC, external controls; DPC, DNA—protein cross-inks, U, urinary Cr; P, plasma Cr;
WB, Cr in whole blood; Ery, Cr in erythrocytes; L, Cr in lymphocytes; crea, creatinine; SSB, DNA single strand breaks; 8-OHdG, 8-Hydroxydeoxyguanosine, dG,
deoxyguanosine; * flow rates of DNA through membrane filters, low flow rate indicative of DPC.

There is quite a large database documenting chromium levels
in the lungs of occupationally unexposed referents (Table 5).
Kollmeier et al. (1990) observed an age-dependent increase in
lung chromium levels and found that men on average showed
levels twice as high as women. These authors were even able to
demonstrate differences due to environmental factors: the lung
chromium contents of people living in a heavily industrialized
conurbation (the Ruhr area) were significantly higher than
those in individuals living in a city where occupations are
mainly associated with trade and administrative services
(Miinster). Such differences are not detectable using any of the
currently employed markers for internal doses of chromium.

The question arises as to how and where lymphocytes can
come into contact with chromium(VI) when the bulk of
inhaled chromium remains in the lung for very long periods of
time. Two separate pathways can be envisaged: (1)
lymphocytes, while travelling via the blood, take up
chromium(VI) from the plasma that has leached from the
lungs; (2) lymphocytes homing to the supporting tissues of the
lungs come into contact with chromium-containing material
and then migrate back to the blood stream.

Lymphocytes and chromium uptake

Lymphocytes continuously enter and leave lymphoid and non-
lymphoid tissues via the blood. At any given time, about 2% of
the total lymphocyte pool in the human body is in the blood. It
is estimated that the residence time of lymphocytes in the
blood is only about 30 min (Westermann and Pabst 1990), so
that during 1 day approximately 500 x 10° lymphocytes travel
through the blood, a number which is equivalent to the total
lymphocyte population in the human body. However, not
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Crinlungs
Study population (ng g dry weight) Reference
Chromium(VI) production, Case 1 397 Kishi et al. 1987
Case 2 1467

SS welders 30-86 Raithel et al. 1993
Controls 0.31 Kishi et al. 1987

1.37 Raithel et al. 1993
Referents, smokers 4.3 Padko et al. 1989
Referents, ex-smokers 4.8
Referents, non-smokers 1.3
Referents, industrial area 2.14 Kollmeier et al. 1990
Referents, non-industrial area 0.57

Table 5. Chromium levels in the lungs of occupationally exposed and non-
exposed individuals.

every single lymphocyte enters and leaves the blood during 1
day; the picture is further complicated by the fact that there are
subsets which reside in certain tissues for long times without
migrating through the blood. It is therefore unlikely that the
lymphocytes in the blood are representative of the other
lymphocytes distributed in the body.

Lymphocytes are produced in a variety of organs and are
constantly being released to the blood. They can migrate
through most of the organs of the body and have the ability to
return to the blood. One established pathway of recirculation

Srom organs to the blood is via the lymph nodes and the

c
Sothoracic duct, accounting for approximately 5-10% of the

%ymphocyte population which returns to the blood each day.

§Fhe spleen is by far the most important organ in lymphocyte
Gecirculation, with 50% of all the recirculated lymphocytes

Ebeing released by the spleen. In comparison, the daily
recirculation of lymphocytes from the lungs back to the blood
is negligible (Westermann and Pabst 1990).

Thus, only a very small fraction of the lymphocytes residing
in the blood will have had the chance to take up chromium(VI)
while travelling through the lungs. The vast majority of
lymphocytes will have come into contact with chromium(VI)
during their migration through the blood. These features are
important when considering whether chromium-induced
genotoxic effects occurring in lymphocytes are in any way
predictive of the processes leading to mutations and
eventually cancer in the respiratory tract. Given that the site of
chromium(VI) uptake is outside the respiratory tract it is hard
to see how genotoxic effects in lymphocytes can be predictive
of similar events in lung cells. Furthermore, the toxicokinetics
of inhaled chromium(VI) determine that cells of the
respiratory tract are likely to be exposed to much higher
amounts of chromium(VI) than lymphocytes. The chances that
cancer-initiating events occur in these cells are orders of
magnitude higher. The absence of any genotoxic effects in
blood lymphocytes of exposed individuals cannot therefore be
taken as an indication of absence of lung cancer risks.

The short blood transit time of lymphocytes is likely to be
another complicating factor in the uptake of chromium(VI) by
lymphocytes and might help explain the small differences in
the lymphocyte chromium levels of exposed and unexposed
individuals in the studies by Gao et al. (1994) and Zhitkovich
etal (1996).

Conclusions and perspectives

Chromium levels in body fluids, such as urine and blood
plasma, are well accepted as markers of exposure to
chromium in oxidation states (VI) and (II1) and provide a
measure of the internalized dose of chromium. However, on
the basis of urinary or plasma chromium alone it is not
possible to ascertain that exposure to chromium(VI) has
occurred. Here, the measurement of chromium levels in
erythrocytes provides a valuable adjunct since it is specific for
exposure to chromium(VI), albeit at the expense of a lower
sensitivity.

The relative lack of success of cytogenetic surveillance
studies using blood lymphocytes—all the more surprising in
view of the strong genotoxicity of chromium(VI)—can be
explained in terms of the disproportionately small differences
in lymphocyte chromium levels between exposed and
controls. Furthermore, the toxicokinetics of inhaled
chromium(VI) and the dynamics of lymphocyte traffic suggest
that the processes giving rise to genotoxic effects in
lymphocytes and to cancers of the respiratory tract are
unrelated. Taken together, these considerations would suggest
that blood lymphocytes are inappropriate for the monitoring of
the biologically effective dose, and of early biological effects
arising from exposure to chromium(VI) at levels below 50 pg
m?, the current exposure limit in many industrialized
countries. At higher exposure levels however, effect
monitoring using lymphocytes may well be useful.

This rather sobering conclusion provokes the question
whether there are alternative approaches to chromium
biomonitoring which would be more meaningful in relation to
lung carcinogenesis. As a first step in this direction it would be
necessary to explore the relationship between urinary
chromium and the amounts of chromium deposited in the
lungs. This could perhaps be achieved if there were a record of
the chromium levels in the urine of deceased whose lungs
were analysed post-mortem for chromium. There is a great
need to develop and evaluate non-invasive methods which
would allow the monitoring of chromium levels in the lungs of
exposed individuals. A possibility which is currently being
actively pursued in our laboratory is the use of magnetic
resonance imaging as a method for the monitoring of
internalized doses of chromium(VI) in lung tissue.

Perhaps the biggest challenge in chromium biomonitoring is
to bridge the gap between the monitoring of internalized doses
and effect monitoring. Given the problems associated with
utilizing lymphocytes as a surrogate tissue, effect monitoring
ideally would have to concentrate on cells of the airways.
However, this is complicated by the difficulty of access to
these tissues and by the need to propagate such cells in
culture. With the recent refinements in the use of the ‘Comet
assay’ it should be possible to assess DNA damage in single e x
vivo isolated cells.
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I am pleased to be able to report to readers and authors that just before Christmas 1996, Taylor & Francis received
notification that Biomarkers will now be listed in Current Contents. This is a significant achievement for a new
journal to be listed so soon after launch. It will of course mean that it becomes a more widely known and read
journal, with consequent increased exposure for papers. Thanks to the Editorial Board and authors and reviewers
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